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ABSTRACT 
 
The aim of this work was to evaluate antibacterial, antifungal and antioxidant activities as well as alginate yield 
and quality of the brown seaweed Dictyopteris polypodioides, collected from the Moroccan Atlantic coast. The 
results showed that Dictyopteris polypodioides exhibited high activity against the most human pathogenic bacteria 
tested (Staphylococcus aureus, Bacillus cereus, Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli, 
Enterococcus faecalis, Salmonella sp.). The species demonstrated also an important antifungal activity against both 
species of the pathogenic fungi Candida and the most tested phytopathogenic fungi (Verticillium dahlia, Fusarium 
oxysporum, Fusarium graminearum, Botrytis cinerea and Geotrichum sp.). The high total phenolic content 
(27.54±0.59 % dw) has been correlated with the important DPPH scavenging activity (84.13%) and the low EC50 
(0.43mg/ml). Furthermore, sodium alginate yield was about 21.92 % dw considered within the range of those 
reported from other worldwide alginophytes used in the industry. Infrared spectroscopy analysis shows that the 
obtained spectrum exhibits strong similarities to the commercial sodium alginate, especially at the anomeric region 
of fingerprint (950-750 cm-1). 1H NMR spectroscopy demonstrated an alginate polymer dominated by guluronic acid 
(M/G = 0.7) and alternating blocks MG and GM (FMG = FGM = 0.41). In conclusion, Dictyopteris polypodioides 
seems to be a promising source of bioactive compounds and alginates in Morocco with controlled and ecologically 
sustainable harvesting. 
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INTRODUCTION 
 

Marine macroalgae, commonly known as seaweeds, are conspicuous and dominant features in marine ecosystems 
[1]. Fresh or dried forms of seaweeds have been used by East Asian countries like Japan, Korea, China, Vietnam, 
Indonesia, and Taiwan for their daily cuisines as a condiment or a vegetable in soups, stews, or with rice or noodles 
[2]. Owing to the unique physicochemical properties of seaweed-derived compounds, there are enormous potential 
applications the fields of food, feed, biomedical, agricultural, environmental [3,4,5] and other industrial applications. 
Seaweeds are also an important source of phycocolloids such as agar, carrageenan, and alginate. These compounds 
are used as gelling, stabilizing, and thickening agents in the pharmaceutical, food, textile, paint, and varnish 
industries [6]. Otherwise, numerous structurally unusual secondary metabolites, such as sesquiterpenes [7, 8] 
diterpenes [9, 10] meroterpenoids [11], C15-acetogenins [12], phlorotannins [13] and steroids [14,15], have been 
frequently reported from various species of seaweeds. It is noteworthy that many of the compounds have 
demonstrated various biological activities, widely ranging from antitumor [16], antibacterial [17, 18, 19], 
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antioxidant [20], anti-inflammatory properties [21], anticoagulant and antiviral activities [22]. In particular more 
than 1140 secondary metabolites have been reported from Phaeophyceae, the characteristic compounds of these 
brown algae include diterpenes, phlorotannins, and small C11 acetogenins, all with very little halogenations [23]. 
For example, Dictyota menstrualis which belongs to the Dictyotaceae Family is characterized by a variety of 
chemical constituents, including diterpenes showed antiviral activity [24].  
 
From the same Family, Dictyopteris polypodioides (De Candolle) J.V. Lamouroux 1809 (Dictyotales, 
Phaeophyceae) is a brown seaweed with a worldwide distribution. In Morocco, the species is well distributed and 
abundant in spring to mi-summer all around the Mediterranean shorelines and from the North to the central Atlantic 
Moroccan coasts (Figure1). The species shows generally yellow-brownish leaf-like dichotomously forked thalli 
reached up to 30 cm in shallow large intertidal pools. Despite its worldwide distribution, the potential use of 
Dictyopteris polypodioides in pharmacology or as an alginate target remains not explored due to a lack of research 
data. Recently however, one of the few reports about bioactivity was performed by Karaki et al. [25] on antioxidant 
and anticoagulant activities of some polysaccharides isolated from this species. Otherwise, recent studies on other 
species belonging to Dictyopteris genus have investigate antitumor, antioxidant and antimicrobial activities [26,27]. 
In this context, D. polypodioides was prospected for its antioxidant and biological activities of methanolic extracts 
against bacteria, yeasts and fungi with clinical and agricultural relevance as well as for alginate yield and chemical 
properties. 
 

MATERIALS AND METHODS 
 
2.1. Sampling and extract preparation 
The seaweed Dictyopteris polypodioides was collected on the Moroccan Atlantic coast at El Jadida shoreline (Figure 
1). Samples were brought to the laboratory and washed with distilled water to remove sediment and epiphytic 
organisms. Afterwards, algal biomass was dried in an oven at 60°C for alginate extraction or in freeze dryer for 
biological activities. The lyophilized sample was submitted to extraction with 80% methanol at 1:10 (m/v). The 
methanolic extract of Dictyopteris polypodioides was concentrated by evaporation and used to quantify total 
phenolic content (TPC) and to evaluate antimicrobial and antioxidant activities. 
 

 
 

Figure 1: Geographic distribution of Dictyopteris polypodioides populations in the Atlantic and Mediterranean shorelines of Morocco. 
Top left inset: location of the sampling site (�) 

 
2.2. Determination of Total Phenolic Content 
Total phenolic content was determined using Folin-Ciocalteu reagent as described by Heffernan et al., [28] using 
phloroglucinol as a standard. An aliquot of the methanolic extract (100 µl) was mixed with 50 µl of Folin-Ciocalteu 
reagent. To this was added 200µl of sodium bicarbonate solution (20%). The mixture was incubated at temperature 
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room and kept in the dark for 30 min. The absorbance of the mixture was measured at 735 nm using a 
spectrophotometer UV-Visible Metashe 5200 HPC. The Total phenolic contents was calculated and then expressed 
as phloroglucinol equivalent in % dry sample. All experiments were performed in triplicate. 
 
2.3. DPPH radical scavenging assay 
The antioxidant activity of Dictyopteris polypodioides methanolic extract was established as diphenylpicrylhydrazyl 
(DPPH) free-radical scavenging according to the method of Blois [29] with slight modification. DPPH free radicals 
have a purple color which turns into yellow when reduced by antioxidants. An amount of DPPH (0.06 mM) was 
dissolved in methanol and added to seaweed extract at different concentrations (5 to 100 mg/ml). The samples were 
incubated in the dark at room temperature for 30 min. After this time the absorbance was measured at 517 nm using 
a spectrophotometer UV-Visible Metashe 5200 HPC. The results were compared against a negative control (0.06 
mM DPPH solution only) and positive controls (BHT and ascorbic acid). The percentage of DPPH radical 
scavenging was calculated with the following equation: 
 
DPPH scavenging activity (%) = [(Ac-As) /Ac] × 100 

 
where Ac is the absorbance of the negative control (methanol with DPPH solution) and As is the absorbance of the 
sample. 
 
2.4. Antimicrobial activities 
2.4.1. Microorganisms tested 
The antibacterial activity of Dictyopteris polypodioides methanolic extract was tested against seven pathogenic 
bacteria including Gram positive species: Staphylococcus aureus, Bacillus cereus, Enterococcus faecali, and Gram-
negative species: Escherichia coli, Pseudomonas aeruginosa, Salmonella sp, and Klebsiella pneumoniae. The 
antifungal activity was studied using four yeast species: Candida albicans, Candida glabrata, Candida krusei and 
Candida parapsilosis and five phytopathogenic fungi: Verticillium dahlia, Fusarium oxysporum, Fusarium 
graminearum, Botrytis cinerea and Geotrichum sp. 
 
2.4.2. Agar disc diffusion assay 
The antimicrobial screening of Dictyopteris polypodioides methanolic extract was evaluated using the agar disc 
diffusion method according to NCCLS [30]. A sterile saline solution was inoculated with 18–24 h growth culture of 
bacteria and fungi strains. The suspension was spread on Petri dishes containing Mueller-Hinton Agar (MHA) for 
bacteria, Potato Dextrose Agar (PDA) of phytopathologic fungi and Sabouraud dextrose agar (SDA) for yeasts. 
Then, sterile discs (6 mm in diameter), impregnated with 10µl of algal methanolic extract, were placed on the 
surface of Petri dishes separately inoculated with different tested strains. As conventional antibiotic (positive 
controls) gentamicin (15µg/disc) and ciprofloxacin (5µg/disc) were used for bacteria and the antifungal drug 
fluconazol (40µg/disc) was used as reference for yeasts. Thereafter, the plates were incubated at 37°C for 24 h for 
bacteria and 28°C for yeasts. The antibacterial and antifungal activities were determined by measuring the diameter 
of the inhibition zone (mm), formed around the disc.  
 
2.5. Alginate characterization 
2.5.1. Extraction 
Sodium alginate extraction was performed according to Calumpong et al. [31] modified procedure. Twelve grams of 
dried algal biomass were soaked in 2% formaldehyde during 24 h at room temperature; thereafter the recovered 
biomass was washed with distilled water and was put into a solution of 0.2 M HCl for 24 h. After this time, the 
sample was washed again with distilled water, extracted with 3% sodium carbonate during 24h and filtrated. The 
filtrate was collected by centrifugation and precipitated by three volumes of ethanol. Sodium alginate recovered was 
washed by acetone and dried at 50°C. 
 
2.5.2. FTIR Spectroscopy analysis 
Sodium alginate samples were dried at 50°C for 3h in an oven before analysis. The infrared spectra were recorded 
with Thermo Scientific Nicolet Impact 400D FT-IR Spectrometer at room temperature over the wave number range 
4000-400 cm-1 in an attenuated total reflectance (ATR) mode. A total of 64 scans were averaged for each sample at 
4 cm-1 resolution and the IR spectra were then plotted and analysed with the OMNIC 7.1 software. 
 
2.5.3 .1H NMR Spectroscopy analysis 
The Na-alginates extracted samples were dissolved in D2O and stirred prior to NMR spectrum acquisition. 1H NMR 
analyses were recorded using a spectrometer AV II 400MHz, 9.4T (proton Larmor frequency of 400.33MHz). We 
used a 5 mm TBI probe. The probe temperature was regulated to 343K. Each spectrum consisted of 16K size of FID 
covering a sweep width of 4800Hz. We used presaturation during relaxation delay and mixing time. Before Fourier 
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transformation, the EM apodization functions were applied in one dimension with 0.5 for line broadening. The 
numbers of scans were 32 transients. 
 

RESULTS AND DISCUSSION 
 
3.1. Total Phenolic compounds 
Phenolic compounds are a large and diverse group of molecules, which includes many different families of aromatic 
secondary metabolites in plants [32]. In brown seaweeds, the only group of tannins present are phlorotannins. These 
polyphenols are structural classes of polyketides found exclusively in Phaeophycean algae and classified into six 
groups (Fucol, phlorethols, fucophlorethols, fuhalols, isofuhalols and eckols) based upon variations in their 
assemblage from the polymerization of phloroglucinol (1,3,5-trihydroxybenzene) units which differ in the number of 
hydroxyl groups present and in their bond linkages [33,34,35,36]. It has been suggested that phlorotannins become 
components of brown algal cell walls when physodes fuse with the cell membrane and the phlorotannins are 
secreted from cells, complexing finally with alginic acid [37,38]. 
 
The result of this study shows that Dictyopteris polypodioides exhibit higher total phenolic content (27.54 ± 0.59% 
dry weight) than other brown seaweeds (Table1) such as Sargassum hystrix (22±0.91 % dw) [39], Stypopodium 
zonale (0.49±0.04 % dw) [40] and Sargassum wightii (2±3.46 % dw) [41]. The variation in total phenolic compound 
contents (TPC) of all species could be due to the methods used both in sample preparation and extraction [42], since 
different solvents vary in their extraction efficiency [43,44,32]. According to Ragan and Glombitza, [35] these 
differences may be due to content of physodes where tissues of brown macroalgae rich in these subcellular 
structures clearly have higher phlorotannin concentrations than those with less physodes content. On the other hand, 
variation in TPC of marine macroalgae could be influenced by extrinsic factors: herbivory pressure, irradiance, 
depth, salinity and nutrients and by intrinsic factors: morphology, age and reproductive stage [45,46,47]. 
 

Table 1: Total Phenolic Content (TPC) of Dictyopteris polypodioides compared to other brown seaweeds 
 

species TPC (% dw) References 
Sargassum wightii 2±3.46 [41] 
Stypopodium zonale 0.49±0.04 [40] 
Turbinaria conoides 1.032 ±0.18 [48] 
Sargassum hystrix 22±0.91 [39] 
Sargassum muticum 20±0.91 [49] 
Dictyota cervicornis 5.55±0.23 [50] 
Dictyota ciliolata 5.53±0.09 [50] 
Lobophora variegata 29.18±0.32 [50] 
Dictyopteris polypodioides 27.54±0.59 This study 

 
 

Figure 2: Antioxidant potential of Dictyopteris polypodioides extracts determined by DPPH radical-scavenging activity 
 

3.2. DPPH radical scavenging activity 
DPPH is commonly used as a free radical to evaluate antioxidant compounds reducing DPPH by donating a 
hydrogen atom, thereby forming the non-radical DPPH-H [51]. In this study, the methanolic extract of the brown 
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seaweed Dictyopteris polypodioides showed an important radical scavenging activity about 84.13% compared to the 
positive controls (ascorbic acid: 96.25%; BHT: 83%) (Figure 2). The associated EC50 was determined to quantify 
the radical scavenging, where lowest values of EC50 indicate strongest ability of the extract as DPPH scavengers. 
The seaweed D. polypodioides displayed a very low EC50 about 0.43 mg/ml compared to some Phaeophycean 
species as depicted in table 2. The differences observed in EC50 values can be explained by the chemical 
composition of each algal species. According to Stengel and Connan, [52]  sources of variability in algal 
composition can broadly be divided into taxonomic but also ecological and ambient environmental factors. Several 
reports [53,54,49] suggest that algal phenolic compounds seem to be largely responsible for the antioxidant 
properties. Recently, Lee et al. [55] and Quéguineur et al. [56] have proved this capacity by in vitro evaluation of 
both algal extracts and isolated compounds using human cell lines. Moreover, Parthiban et al. [57] evaluated the 
antioxidant capacity of macroalgae extracts and verified that the antioxidant potential was directly proportional to 
the amount of polyphenols present in the extract.  

 
Table 2: DPPH radical scavenging activity expressed in efficient concentration (EC50) for Dictyopteris polypodioides extract and other 

brown seaweeds 
 

Species EC50 (mg/ml) Reference 
Dictyota crenulata 34.88 

[50] 

Dictyota ciliolata 12.40 
Turbinaria tricostata 8.85 
Sargassum pteropleuron 7.14 
Sargassum ramifolium 6.64 
Dictyota cervicornis 6.42 
Dictyopteris polypodioides 0.43 This study 

 
3.3. Antibacterial activity 
Methanolic extracts of Dictyopteris polypodioides were tested against seven human pathogens (Staphylococcus 
aureus, Bacillus cereus, Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli, Enterococcus faecalis, 
Salmonella sp.). D. polypodioides showed high activity against most of the pathogens tested compared to other 
seaweeds and to positive control (Table 3). Maximum zone of inhibition was observed against Bacillus cereus (36 
mm), while minimum activity was noted against Escherichia coli (10 mm). The antibacterial activity of seaweeds 
have been widely discussed in previous studies [58,59,60] while only few ones have been conducted on species 
belonging to the genus Dictyopteris. Mhadhebi et al. [61] for example, reported various activities in extracts of 
Dictyopteris membranaceae against other pathogens (Staphylococcus epidermidis, Staphylococcus aureus and 
Micrococcus luteus) and Alghazeer et al. [62] demonstrated pronounced activities in alkaloid extract against 
Bacillus subtilis, Staphylococcus epidermidis and Salmonella typhi. Like in D. polypodioides case, the broad activity 
of algal extracts against both Gram positive and Gram negative bacteria may be indicative of the presence of wide 
spectrum antibiotic compounds or simply the content of pharmacological active constituents like alkaloids, saponins, 
glycosides, tannins [59]. Furthermore, the phlorotannins (eckol, dieckol, 8,8’-bieckol, phlorofucofuroeckol A, 
fucofuroeckol A, dioxinodehydroeckol and 7-phloroeckol) specifically isolated from brown seaweeds have been 
proved as antibacterials [63,64,65,66]. Although the mechanism by which phlorotannins exert antibacterial activity 
has not been defined. It is believed that, as verified for terrestrial tannins, these compounds can act by forming 
complexes with bacterial proteins and carbohydrates and inhibit extracellular microbial enzymes [67,68].  
 

Table 3: Antibacterial activity of Dictyopteris polypodioides compared to other seaweeds and antibiotics 
 

Microorganisms 

Inhibition zone diameter (mm) * 
Seaweeds Antibiotics 

Dictyopteris  
polypodioides 

Dictyosphaeria  
cavernosa 

Codium  
decorticatum 

Gentamicin 
(15 µg/disc) 

Ciprofloxacin 
(5µg/disc) 

Gram negative      
Escherichia coli 10 13 24 25 32 
Pseudomonas aeruginosa 15 NT NI 20 31 
Klebsiella pneumoniae 14 16 26 NT 7 
Salmonella sp. 11 NT NT 20 10 
Gram positive      
Enterococcus faecalis 12 NT NT NT NT 
Staphylococcus aureus 28 18 NI 31 27 
Bacillus cereus 36 NT NT 40 27 
References This study  [59] [60] This study This study 

* Inhibition zone including disc diameter (6 mm). 
NI: no inhibition, NT: not tested. 

 
3.4. Antifungal activity 
Seaweeds are directly exposed in the various oceanic environment conditions and are supposed to be susceptible to 
ambient microorganisms. However, they have incredible survival ability because they possess an inherently 
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available chemical defense mechanism. Accordingly, many bioactive compounds (e.g., terpenes, phlorotannins,..) 
could be present [69]. Currently the search for new antifungal agents is a growing need, owing to the increment of 
fungal infections, but also because of the increase in resistance to antifungal agents [70]. Consequently, large 
attention has been given to natural products with antifungal properties. In the present work the methanolic extract of 
Dictyopteris polypodioides has been tested against four yeast strains of Candida and five phytopathogenic fungi 
(Table 4). The obtained results showed that D. polypodioides exhibited strong antifungal activities with diameters of 
growth inhibition ranging between 7 and 20 mm against phytopathogenic fungi and between 12 and 32 mm against 
the tested yeasts. The antifungal activity of seaweeds extracts and isolated compounds has not been extensively 
studied, mainly because in the past few years more attention has been paid to pathogenic bacteria, which is, by far, 
more explored [71]. Nevertheless, the antifungal activity of seaweeds has been demonstrated by some researchers 
where the results showed that fungal inhibition depends on seaweeds species and solvent used. For example, Guedes 
et al. [72] was found that methanolic, ethanolic and dichloromethanolic extracts of seaweeds were most active 
against dermatophytes and Candida sp. compared to other solvents. According to Cowan et al. [73], the brown 
seaweeds contain high amount of flavanoid and phenolic compounds could be the reason for antifungal activity. 
Furthermore, a meroditerpenoid metabolite isolated and characterized from the brown alga Cystoseira tamariscifolia 
as Methoxybifurcarenone posses antifungal activity against three tomato pathogenic fungi, Botrytis cinerea, 
Fusarium oxysperium sp. mycopersici and Verticillium alboatrum [74]. Long before, Fenical et al. [75] reported that 
the two sesquiterpenes zonarol and isozonarol from Dictyopteris zonarioides strongly inhibited the growth of ten 
species of pathogenic fungi causing diseases in plants. 
 

Table 4: Antifungal activity of methanolic extract of Dictyopteris polypodioides 
 

Microorganisms 
Inhibition zone diameter (mm) * 

Dictyopteris polypodioides Fluconazol (40 µg/disc) 
Yeasts 
Candida albicans  12 25 
Candida glabrata  32 26 
Candida krusei   18 24 
Candida parapsilosis  26 27 
Phytopathogenic fungi 
Verticillium dahliae  10 NT 
Fusarium oxysporum  9 NT 
Fusarium graminearum  8 NT 
Botrytis cinerea   10 NT 
Geotrichum sp. 10 NT 

* Inhibition zone including disc diameter (6 mm). 
NT: not tested. 

 
3.5. Alginate characterization 
3.5.1. Alginate extraction yield 
Sodium alginate yield for Dictyopteris polypodioides was about 21.92 % dw which seem to be intersting compared 
to the literature data since, for feasible commercial exploitation, the seaweed needs to contain at least 20% alginate 
based on dry weight [76]. This obtained result is similar to some well-known worldwide alginophytes (Macrocystis 
pyrifera 18-21% dw, Laminaria japonica 20-26 % dw; [77]) but remains lower compared to the exceptional 
contents in Durvillaea antarctica (53 % dw; [77]) and Ecklonia cava (35-38 % dw; [78]. Besides the inter-species 
variations, alginate levels may vary, however, according to geographic area, season or environmental conditions 
[79]. 
 
3.5.2. FTIR analysis 
Sodium alginate from Dictyopteris polypodioides shows a high similarity to commercial alginate (Figure 3) where 
abroad band at 1600 cm-1 was assigned to carboxylate O–C–O asymmetric stretching confirming the high uronic 
acid content of both biopolymers [80]. According to Mathlouti and Koening,[81] and to Silverstein et al. [82], the 
absorption at 1415 cm-1 was assigned to C–OH deformation vibration with contribution of O–C–O symmetric 
stretching vibration of carboxylate group. The bands measured at 1030 cm-1 may be attributed to C–O and (C-C) 
stretching vibrations of pyranose rings, [83]. The anomeric region (950–750 cm-1) is the most discussed in 
carbohydrates. Spectrum of D. polypodioides alginate shows a peak at 946 cm-1, which was assigned to the C–O 
stretching vibration of uronic acid residues [84]. The signal at 905 and 850 cm-1 were assigned to the α-L-
gulopyranuronic asymmetric ring vibrationand  and to the C1–H deformation vibration of β-mannuronic acid 
residues respectively [81,85]. Finally, the signal at 782 cm-1 seems to be characteristic of guluronic acid residues 
[85]. 
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Figure 3: FTIR spectra of Dictyopteris polypodioides and commercial sodium alginates 

 
3.5.3. 1H NMR characterization 
1H NMR spectroscopy is a reliable method for determination of the composition and block structure of alginate 
[86,87]. Figure 4 shows three characteristics signals assigned to the guluronic acid anomeric proton (G-1) at 5.06 
ppm, mannuronic acid anomeric protons (M-1M and M-1G) and the C-5 of alternating blocks (G-5M) at 4.7 ppm 
and guluronic acid H-5 (G-5) overlapped at 4.4 ppm. The ratio of mannuronic acid to guluronic acid, M/G, and the 
molar fractions of the monads of guluronic acid and mannuronic acid (FG, FM) as well as the diad sequences (FGG, 
FMM, FMG, FGM) were determined from the area of 1H NMR signals (Figure. 4) and using the equations proposed by 
Grasdalen [88] and Grasdalen et al. [89] as follow: 
 
FG = [ G-1 Signal area ] / [ (M-1+G-5M) signal area + GG-5G signal area ] 
FM = 1 - FG 
FGG = [ GG-5G signal area ] / [ (M-1+G-5M) signal area + GG-5G signal area ] 
FMG = FGM = FG - FGG 
FMM = FM - FMG 
M/G = FM / FG = (1 - FG) / FG 
ƞ = FMG / (FM x FG) 
 
The comparison of the M/G ratio for Dictyopteris polypodioides with M/G from other brown seaweeds species are 
given in Table 5. The obtained M/G ratio for Dictyopteris polypodioides was about 0.7 indicating high guluronic 
acid content. This result is similar to those reported for several brown species such as Laminaria hyperborea (0.82), 
Saccharina longicruris (0.69), Sargassum thunbergii (0.53), Sargassum latifolium (0.82) and Sargassum 
asperifolium (0.69) (Table 5). According to Penman et al. [90], the ability to form gels by alginates is markedly 
influenced by the uronic acid composition, where brittle gels are obtained from alginates with a low M/G ratio, 
while elastic gels are formed from alginates with a high M/G ratio. The variation of this ratio depends mainly on 
algal species, geographical location and extraction protocols [91]. It is not only the M/G ratio which has an influence 
on alginate gelling properties, but also the percentages of homopolymeric block structures (FMM, FGG) and 
alternating blocks (FMG, FGM) [92]. Dictyopteris polypodioides showed high values for the alternating blocks MG and 
GM (FMG = 0.41, FGM = 0.41) and lower values of the homopolymorphic regions (FGG = 0.18, FMM = 0.01). This 
results has been confirmed by the use of the parameter ƞ = FMG / (FM × FG), which characterize and test the 
sequence distributions. According to Grasdalen et al. [89] biopolymers with 1 < ƞ < 2, have a sequence distribution 
of the alternate block type (MG, GM). The calculated ƞ (1.67) for Dictyopteris polypodioides means that the 
extracted alginate is an alternated polymer which corroborates alginate distributions in Saccharina longicruris (ƞ = 
1.41, [93]), Sargassum thunbergii (ƞ = 1.52, [91]), Sargassum vulgare (ƞ = 1.75, [92]). 
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Figure 4: 400 MHz - 1H NMR spectrum of sodium alginate (in D2O at 343K) extracted from Dictyopteris polypodioides and signal 
assignments for protons on carbon-1 and carbon-5 of mannuronic acid (M) and guluronic acid (G) residues 

 
Table 5: Alginate composition of Dictyopteris polypodioides and other brown seaweeds 

 
Species M/G FM FG FMM  FGG FGM FMG ƞ Reference 
Laminaria japonica 1.86 0.65 0.35 0.48 0.18 0.17 0.17 0.75 [94] 
Laminaria digitata 1.44 0.59 0.41 0.43 0.25 0.16 0.16 0.66 [94] 
Laminaria hyperborea 0.82 0.45 0.55 0.28 0.38 0.17 0.17 0.69 [95] 
Durvillaea willana 2.57 0.52 0.48 0.52 0.08 0.20 0.20 0.8 [87] 
Macrocystis pyrifera 1.70 0.63 0.37 0.40 0.14 0.23 0.23 0.99 [87] 
Saccharina longicruris 0.69 0.41 0.59 0.07 0.25 0.34 0.34 1.41 [92] 
Sargassum thunbergii 0.53 0.34 0.66 0.17 0.48 0.34 0.34 1.52 [91] 
Sargassum vulgare 1.27 0.56 0.44 0.02 0.55 0.43 0.43 1.75 [92] 
Sargassum latifolium  0.82 0.45 0.55 0.41 0.51 0.04 0.04 0.16 [86] 
Sargassum asperifolium 0.69 0.41 0.59 0.30 0.48 0.11 0.11 0.45 [86] 
Sargassum muticum 0.31 0.24 0.76 0.07 0.59 0.17 0.17 0.93 [91] 
Sargassum turbinarioides 0.94 0.48 0.52 0.36 0.39 0.12 0.12 0.48 [83] 
Dictyopteris polypodioides 0.70 0.41 0.59 0.01 0.18 0.41 0.41 1.67 This study 

 
CONCLUSION 

 
Seaweeds or marine macroalgae have become in recent years a key focus area for the discovery of new compounds 
and natural products for use in the food and pharmaceutical industries. In this work, methanolic extract of the brown 
seaweed Dictyopteris polypodioides harvested from the Atlantic coast of Morocco, was screened for its in vitro 
bioactivity, antioxidant potential, total phenolic content and alginate properties. Obtained results showed that high 
antibacterial inhibitory activities were recorded against Gram positive (12-36 mm) and Gram negative pathogenic 
bacteria (10-15 mm). Methanolic extract of Dictyopteris polypodioides also exhibits high antifungal activities 
against tested phytopathogenic fungi (8-10 mm) and yeast (12-32 mm). Dictyopteris polypodioides showed 
important radical scavenging activity (84.13%) and total phenollic content (27.54±0.59 % dw). Furthermore, 
alginate yield of this brown algae was important (21.92 % dw), characterized by more guluronic acid than 
mannuronic acid (M/G = 0.7) and by a dominance of the heteropolymorphic diads MG and GM (82%, ƞ = 1.67). 
The brown seaweed Dictyopteris polypodioides could be a promising source of interesting bioactive molecules and 
alginate for commercial uses. However, further studies on fractionation and separation are required to identify the 
principle active molecules. 
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